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Thla rep&t in one of a nerieaom a cooperative researoh laveattgation
undertakento ascertainthe propertiesof the betterwroughtheat-resisting
alloysIn the formof largedlcms reqnlred for gas turbinerotors.

‘The ropertiesof largedims of Low-CarbonN-155alloyIn both the as-
forged~ water-quenchedand aged oondit+onshave been determinedby means
of stress-ruptureand oreeptests for ttmeperiodsup to about2000hours at
1200°,1350°,and 1500°F. 8hort-timeten8iletest,impacttest,and time-
totaldeformationoharacteriatic?sare Inoluded.

w following primipal resultswere obtained~m the 1.43/4-*dLam-
eterby 4 3/8-inoh-thickdis~s:

A. Brinellhardnessrange
on centerplaneat rlm
on centerplaneat center...

B. Offsetmeld strongtha -

0.2-percientoffsetyield
strengthat:

room temperature
1200°F
1350°F
1500°F

c. Rupture-testoharacteriatias
(Stressto oaqseru turein

findicatedtimeperods)

Streng$h

strength

strength,.

Water au
As-forged Aged ●t 135i)”

~ ‘dsQa
15000F

; 210
180

67,800’
46,250
401020
35,600

39,0co
28,000
20,000

2Q0
174

,

3 ,500
t2 ,000
23,000

....
i.

*. ,

1200”15r#ture

100 hr
1000hr

1350°1;~pture

100 hr
low hr

1500°MF~pture

100 hr
1000hr

The elongationsand redmtions of area of the fradured rupture-test
speelmenswere quitegood and increasedrupturetimedid not produoea
significantohangein ducllll~.

55,000’
~1

38,000
;#xl&3

---- 23,700 ———
16,500 18,500 , 18,000
U, 800 13,000 12j200
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Total-deformationoharacterlstlas under stress

9!he data for the three dlsos tested are too voluminousto repeat in
this aummaw. Briefly tho as-forged disc! was generally superiorto the .
heat-treatedand aged&seo at 1200°F. At 1350°F the superiorityof the
as-forgeddiso8as lea”sened,and at the lowerstres”6esiIiaappeared.At
1500°F the,heat-treatedand aged disos showed Inctreaslng

7%
erlority

over the as-forgeddiso partioul-1 at the lower stresses
I

oh produoed
low rateaof deformationand long1 fe.

Agtngat 1350°F, ratherthan at 1500°F, producedhigherstrengths
In tootsat 1350°F and some benefloial effeots from aging at 1350°F
we= still●violentIn testsat 1500°F for the testduration used In this
inveatlgatiow

Uniformity

The propertlee of the,dlaus were quiteuniformeonstdering the sise
of the forgings and the oharaateristiosof the alloy.

8tat$lity
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The impaoQt~r&#hFend duotilftydeoreasedafterereep testingat
lxm”, 1350” . The strengthvaluesfromtensiletests
inoreased af%er oreep teatlng at 1200°and 1350°F, and elthorohanged
very littleor WI’S slightlyloweredafterur.eep testingat 1500°F.

-. - .- .--.. . ,..- ...
IMTRODCCTIOU
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This reportpresentsthe resultsof a studyof the roo&:temperattare,
a ..-..... , ....

1200°, 1350°,and 1500°F properties o@ three large forged disos of LokCarbon
H-155●lloy. One of the Ulseswas tistedin the a~forged oondition,and the
other two disos were solutiontreatedand aged. The rlmary urposeof thts

?&studywas to determinethe.levelof propertiesexhlbi ed by..t S 8110Y tn the
form of large forgings of We type required for rotorwheelsIn gas turbines
and to determinethe relativepro ●rtles of ●a-forgedend heat-treatedalloy
dlsc?s.~tiscstimsti@tti ~hreinm~tied weresevtiral fmasefies
now under study. The resultsobtainedpreviouslyfrom similarinvestigations ..
pm 19-9DL,C2A, and Low.CarpbaH-155-di8cshave been publlslydas ~ferenoes _.. . . .. . . “
1, 2, and 3. —

Thiswork 1s being‘oarriodout 6s
P

-. .
of two correlatedprogramsof

reseurohon alloysfor gas-turbine●ppl oationsin progressIn thtsootitry..
The MatlonalAdvisorYCommitteefor Aeronauticsts sponsoitng work”direoted
towardthe developmentof Improved.hfgh-t

T
eraturealloysfor gas turbtnes

used in alroraftpowerplants. A oonourren program,formerlysponsoredby
the RationalDefense8e.searohCommittee Offhe of SoientlficReqearchand
Development,and now sponsoredby the O#f~ceof Naval Research, Havy De art-

!men~fs beingdlrsmtedto the developmentof alloys for gas-turbineapp iaa-
tioqsIn general,and in p@oular to both shipand aSrcraftpropulsion.
The work herein was performed wtth the flnanoialasststanoeof the National
Advisory Committee for Aeronautlos,the lfationalDefen8e Researoh Commtttee,
and the U. 8. Mavy. .

This report Is basedon the oint effortof the three-search programs ““
iand is beingdistributedby both he HACA aud the.~avy. The investigationof

thesediscsfor the HACAwas oonduotedat the De
Researchof the Universityof Mlohigan for the m:;fw~z~::ti ●

orlal .Instltutesand for HMO Prc4eot&RC-8by someof the following12
cooperatingY.aboratoriesx . . .-

American Brake.8hoe and Fbundry Company
BattelleMemorialInstitute

.-

cranecompany
I%deral. Shl@ulldlng amd Dry Mok”-Comp&ny
Imkenheher Comp-’iMassachusettsInstiute

.

of Technology

-.

...”
. . -“

. ..
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The KldvaleComPany
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*
The available

follows:

Universityof fiohigan
lllationd.Bureauof Standards
ResearohLaboratory,WestinghouseElectrle
aid

. Manufacturer:

-. Ormlble

Manufacturing Oompamy

TESTHAl!ER14L8

Informationeonoernlngthe dlacsmay be ●unme.rtzadas ‘

SteelOompanyof America

Heat Number:

lX2232

OhemlcalComposltlonr

~ ohemlealoomposttlonwas reportedto be the followlngpercen-
tagesby the manufacturer:

Gma!zu aa Eaz

0.07 1-68 O*M 20080 20060 20.07 2s94 2-67 1s05 0o125

Fabrication Procedure:

Three 9-lnohbilletsfrom a 2000-poundinductionfurnaueheat were
direetupsetto roduoediacu14 3/4 *he6 ti amhr lYY4 3/8 ~hes
in thloknesso A finlshlng temperaturewas about1500°F. The left
and righthalvesof eachdiscwere heat treatedas follows:

~.

Dlec lL none TestedIn the as-forged
Oonditbn.

Mso lR 24hours at 1500°F

~SC 2L 2200°F, waterquenohed 24houra at 1500°F

MSC 2R 2200°F, water quenohed 24hours at 1350°F

Mec 3L 2250°F waterquenohed, 24hours at 1500”F
reheat~ to 1500°F and
~ue- 3 peroent
tismw temperaluzm
about1200°F

Sampllng:

The mde nudbera6sUned t-o the discswas HR-66E. FI re 1 E*O
!“the looathn of the samples ont from the halves of the var OUE disosand

the code eymtemIdtilfyt
3

the aoupom. The lettersreferto looationa
on the flat faces of the sos and the numeralsreferto the looatlona
throughthe thiokneesof the dlsos.
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EXPERIMENTALPRoCEiUm” , ::
=-.

. .—-.

The investigationwas designedto rovldefour typesof information;(1)
tthe physicalpropertiesat roomtemperaure,1200e,1350°,and 1500° F which

can be expeotedin largeforglngaof the Low-OarbonN-155anelysis”(2)the
effeotof fabricationand heat treatmenton thesephysicalpro e::r::~(:~
the variationIn propertieswhichmightbe presentIn various?’0
suchlarge forgings; and (4)the dmnge in propertiesresultingfromexposun
to elevatedtemperatureunderstressfor prolomgedtimeperiods..-

The hyslcal-propertydata obtainedfor these largeforgeddlaca of Low-
!Carbon N- 55 alloyIncludedshort-timetensileproperties,Impaotstrengths,

rupture-testcharaoteristios,and designciurvesof stressagainsttimefor
totaldeformationsof 0.1,0.2, 0.5,and 1.0 percentat 1200°,1350° and
1500°F. The the-deformationdatawere obtafned~om time--?format[on--cprve8
fromboth stress-ruptureand creeptests.

-.
..

●
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The unlfonnit of the disomaterialswas oheokedbyme=s of a hardness ““ -
Tsurveyand by tensle and rupturetests on aoupons fromrepresentativeloca-

tionsthroughoutthe discs. Hardness,tensile and Impaottestsand metallo-
-,

graphicexaminationson specimens aftercompletionof the testswereused to
estfmatethe stabllltyof the materialduringprolongedexposureto tempera-
ture and stress.

The testingproceduresused for the short-timetension-stress-rupture,
and meep tests.wem in aooordame with the provisions of t~e A.8.T.X.
RecommendedpracticesE21-43and E22-41.

—.

BBSULTS -.

The data obtainedare mmpiled as a serleaof tablesand
the prlnotpalresultsfromthe threediscslL, 2L, and 2R, cm
the workwas dam, summarisedIn fl

F
s2t04.

(NACA,EDRC,or Havy)Is indioated
The sourceof the data

the tablea.

*..- Eardnean8urvey

The Brlnellh@nesia of materialcut fromthe discswith the fivedAf-
ferentrmocessingagc%heattreatmentsranged.fromabout165 to 235. (See

‘ f&5.) The hardnessgeneraJlyinoreasedfromthe oenter@ the Mm of the
,.:1.I.I .,.. .. .. .-:. ,----—.—- .. ..y,

The mhst uniform and highestover-allhardnesswas 8hownby disc 3L
whlohwas hot-coldworkedaftersolutionheat treatment. A glightlyhlgher
hardnesswaa shownat the rim of,theas-forgedd.~so(I.@whluhwas subse-
quentlyaged 24 hours at 1500°F afterforging. The hardnessof the as-
forgeddtsewhichwas not aged (lL)wea nniforMy lowerthanthe as-forged””‘“- ‘–
and aged dlsa (3-R).The hardness of the solution-treateddisa aged ~ hours
at 1500° F (2L)was qui.te.uniformand was slmllarIn magnitudeto the as-
forgedor hot-soldworkeddlscu (IL,lR, and 3L). The hardnessmeasuredfor
diso 2R indicatedthat.the agingfor 24 hours at 1350°F as oomparedwith

.-

1500°F agingdid not prodnoe the
s

mexlmumhardnessexoeptat.therim location
wheremore workZngis accomplishedin the dlreot-upsetforgingof disosfrom
ballets. It Is consideredthatthehardnessvariationsfrom center to rtm
of the disoswere quite.small,eonsideri

Y
the sise of the disos and the *

difficultiesof forgingof thh h.ig~ al eyed material. .
.-.

The hardnessof the HR-66Ddisc (referezme2j, whichwas menufaoturedby
UniversalCyclopsSteelCoTtion and testedas forgedand.strassrelieved
for”z hours ●t ~~” F, var ed h 195 at the o~ter to abut 235 B-U
hardnessat the rim of the discon the center lane. This2s very slmllarto

kthe variationinwardness obtalxmdon diso?lR-E-lR.
....- .—

. . .... .... ---

-.
-. . . .
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6hort-TimeTensileproperties w

The resultsof the short-timetensiletestsat room to erature,1200°,
1350°,and 1500°F are shownh tattleIs By usingl/ -lnch%meter teat
opeclmens in the room-temperaturetensionteats,aA elentmaterialwas
availableto e

3
are the propertiesof the surfaceand titeriormaterial. The

data showedEli tly higher-strengthsfor the materialtakennear the surface
of the disosand also a slightsu erlorityfor materialnear the rim, as
oomparedwith the oenterof the d!scs. ~~

In the testsat 1200°F surfacetest bars showed slightlyhigherproper-
ties than Interior test bars. Compar the threediscs tested the as-
forgeddisc lL showedhigherstrengths t~ soluthn-treate$@l aged
discs2L and 2R at both room temperatureand at 1200°F, but at 1.350” and
1500°F superiorityof the as-forgeddfsuwas shown onlyby tW.yield strengths
and not by the”tenslle strength. The solution-treateddisc aged at 1500° F
was considerablystrongerat room temperaturewd_at..l.2QQ0.F.t.@n.thodisc
aged at 1350°F. The superiority producedby the 1500°F agingwas oonsider-”
ably reduoedwhen testedat 1350°F,andat 1500°F the two materialswere
quite similarin strength.

Oharpy ImpactResistance

CharPY iMPSOt reSIStSIICS(WW notch)was determinedon speeimenefrom the
threediscslZ, 2L, and 2R. Data are shownin table11 and figures 2 to 4
from testsat room temperature,1200°,1350”,and 1500°F afterhoMlng at
temperaturefor a time periodsufficientlylongto ensurea uniformtempera-
ture tn the specimens.

The Oharpyimpactreslatanceat room temperature was lowestfor the disc
2Lwhioh was water quenohed and agedat 1500°F, with valuesof 4 to 8 foot-
pounds. Agtngat 1350° F aftersolutiontreatment,as for dlse 2R, produmd
considerablyhi

e
ir rais-emperatureimpactresistancerangingfrom 20 to 4

foot-Ounds. s
L

flar im aot reslstanoewas shownby the as-fored disc (lL .
lbr a !threedlsamater als,testsat tam eraturesof 1200-,

t
1!

1500° F produoedmnslderablyhigherimpao values than were obt~O&d% room
temperature.

Rupture-TestCharacteristics

The StreSS-I!U@Uredata for the teStS at 1200°, 1350°,and 1500°F are
shownin tableIII, and the rupturestrengt@’obtainedfromthe stress-rupture
time ourvesin figure6 are summarizedin tableIV. All speolmenste6tedwere
radialspecimens,looatedas indicatedin tableIII.

All five dlsos were testedat 1200°F and 100-hourand 1000-hourrupture
strengthsrangedfrom41,500to 4.7,000psi and 34,000to 38,500psi respec-
tively. The best over-allstress-rupturestrengthat 1200°F was shownby
the as-for d dlso (IL).

r
Ho improvementin strengthFas noted”forthe hot-

ooldworke disc (3L). The strengthsof the heat-treatedand aged discs,2L
and 2R, were simfl.ar. .:

At 1.350”F the M&hour rupturestrengthsof the as~fodgeddtsc (1.L)and
the quenohedand.ageddiscs 2L and 2R) were quitesimilar,but at 1000hours
the heat-treateddisossd a slightSuperlorltyover the as-forgeddlso.
The same trendexistedin testsat 1500°F. At 1350° F the NM-hour rupture
strengthswere all 2$,000 SI and the 1000-hourrupturestrengthsrangedfrom

r.20,000to 23 000 PSI. At 500°F the 100-hourrupturestrengthswere 16,500
to 16 500 PSI and the 1000-hourrupturestrengthsrangedfrom 10,400to
11,506psi. . . .

,’ .. .
Ins ●otionof the stress-rupturetfme curvesshownIn figure6 ind.ioates

13ttle&anue inslo@e withhcreamdt emperatureoftest fordlsos2Land2R
-mmucm.thn treatedand aged. 9The as-forgeddisc (1L showeds slightly
greaterohangelm slope between 1.200”and 1350° F,andthe considerablysteeper
slopefor rupturein exoessof 300 hoursat 1500°F clearlyindicatesbetter
propertiesare obtainedat 15000F by the use of heat treatment.
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Duotilitieaof the stress-ruptureepeoi.menameasuredafter fradure were
quitegood. !llie01

3
atlcmyalueeof the as-fored diso (IL)were lowerthsn

for the heat-treated Iu!a. Inoreasedrnptura tL did not prodwe a 81gni-
fioant ohamgo in duotillty as 18 sometinesthe ease with othermaterials.

Time-DeformationOharaoter~stlos

A convenientmethodof ctesoribimgthe high-temperaturestrenth of a “”“-
fmaterial is by ourves of stress ●gainstthe time required for var ous total

deformation. Data fromboth strese-napture@ cre
gro&areStlohdesignOurves. #

testsare used to
Suoh informationalong th the stress-rupture

oarvosgivesdestgmengineerse oomplotepictureof thq expectedper- _
formanceof an al109 underoonditiomtaof conetant-tens%onstress. This
Imformatlonia Incorporatedin figures 8 to 16 for deformationsof 0.1 0.2,
0.5 and 1.0

G
roemtat 1200°,1350°,and 1500°”F for time periods up k

9006 hours. ditional ourve6 ShOWiMg thO tiMO Of tr~~ltion froma ~
creeprate to the increasingrate of third-stagecreephave been addedso as
to chowwhen rapidelongationprecedingfailurestarts. .-

The CtIrYOEIof.str~sstime for totaldeformationwere lottedfromthe
data in tablesV, VH, and l% The datawere takenfrom& e time-deformation
ourv- of the Btreaa-ruptureand oreeptests. The time-deformationcurves
for the stress-rupturetestsham not been Inoludedin thisreportbut are on
file●t the Mattonal AdY180rY Committee for Aeronauttoeand In the Offioe of
~a~esearch HavyDepartment,and may be obtainedon loan for Inspectionif

The k-deformation ourves for the meep tests are shown in figures
17 to 25.

TablesVI, VIII,and X showdata sealedfrom the designourvesin fi res
8 to 16 and showthe stressesto oausevarioustotaldeformationsfromO.f’%
5.0 peroent im definitetime periods of 1 10, 100,1000 and 2000hours. Fbr
ease of comparison similar data for the ~ow-aarbonH-153alloydiso,HR66D,
teotedamd reporte~pretiouelyin referenoe2, have been inoludedin tables
Vr, VITI,and x.

-..

. -----
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.

.
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~1’OOpStrengths

ManyeMginOerSare accustomedto base desl
for l-g periodsof sefioe. Mr thisreason Y

on oreep-rates;especially- ‘--‘-”
he amp-rate datahave been ,

oolleot~dfromthe time-deformationcurvesan& are shownin tableXI, and the
logarithmicstress-creepratecurws for the testsat 1200°,1350°,and
1500°F on the threedims lL, 2L and 2R are shownin figure7. The oree

tratesusedware eitherminimumrabs or finalratesfrom1000-hour tests a
12000 F and 2000-hour tests at 1350°.F and 1500°F. The oreepstrengths
obtaimedfrom figure 7 were as follows; -.

Stressfor lndioatedoreep-rates

= .-l?xs!l
DSi]

booo~ m=WWkz # 1 Darcen /hrt

1200 lUM%lLIL 23,500 ——
HR-66E-2L 20,250 —-—
HR-661+2R 23,200 --—

1350 BB-64s-11 IS&
HR-66*2L
m-661%2R I&ooo

1500 H’R-66&=lL 7,600
HR461L2L 9,:3
HR-66E-2R 8

. .....

.

..-

-..

.-

.—

-.
..- .F-

-.-—

-. ..,.

.
. .

—
—.
.-

,

- J...

*

.—

--

.—

-..
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Theseoreepstrengti>mm bo.comparedwith the deformationstrengthsIn
tablesVI VIII,and X. The oreepstrengthsfor a rate of 0.0001percentper
hour at l?OOOF are a parentlysafefor use for time periodsup..to 10,000

$hours slnoeextrapola Ion of the transttlonpointourves stageII to stage
III creeprate)In flgnres8 to 10 out to 10 000 hours1A
stressesMstud aeoond-,stagecreepwould still prevail.

oateathatat the

In the tomtsat 1350°and 1500°F the situationis quitedtfferent.
=rapolation of the trans~tlonourvesin figures11 to M showsthat inmost
easesincreasingcreeprateswill ocourbetween1000 and 2000hoursat the
stressfor a creeprate of 0.0001percentper hour and with quiteI.argototal
deformationsranging from 1.0 to 2.0 ●raent.

R
In &e testsat 1500”F on the

heat-treatedand aged disos (2Land 2 ), transitionto third-stagecreepoccurs,
with a totaldefamation of less than 0.5 percent at 1~,000PSI between1000
d 2000kurs. At the lower stresses,whichproduoeda oreeprate of 0.00001
percent

?“
r hour,longerperiodsof servicecouldb. attained,but the slope

of the s =ss-rupturettme ourveaiat htgherstressesstrong
Y

suggestsoaution
shouldbe observedwhen extendedserviceperiodsare oontempated.

StabllltyCharacteristics

Someof the test speclmeqsfromeaehof @ threedisgnw.re ~bjeoted
to tensile,

?
aot and hardnessteetaat room temperatureafter areep te8t-

ing at 1200°, 350~, and 1500° F, with the resultsshownIn tableXII. The
eonsldbrabledecreasein impactstrengthand Increase in hardness were the
most significantchanges observed. For all threediscsthe highesthardness
was observedafter testing at 1350° F even though in the ease of dlso 2L,
the specimenswere aged 24hours at l~OO”Fprior %0 oreep testing.

For the as-forgeddisc (lL),the yield strengthswere slightlyhigher
aftercreeptestingat 12000and 1350°F with no siemlfio=t.me h t~-
sile strength. Afteroree testingat 1$00°F, the room-temperaturetenstle

fand yield strengthswere s ightlylowerthan for the dlse in the as-forged
Oondition.‘:

For the heat-treateddiso8 (2Land 2R), the room-temperatureyield
strengthswere materiallyincreasedby creep te?tingat 1200°and 1350°F.
For disc2L testedat 1200°and 1350°F and diso 2R testedat 1350°Fthe
ductilitieswere reducedto very low values. Testingat 1500°F reduced
the tensileand yield stre ths of dtse 2L, but littlechangewas noted in
the strengthsofdlsc 2R 3 oh was heat treatedand aged at 1350°F priorto
creeptesting.

The mhrostrueturewas quiteuntformfrom oenterto rlm imeaoh of the
threediscsand therefore only originalmlarostruotures at a oenterseotion
are shown In figure26 ●t magnifioattonsof 100X and 1000X. The grainboun-
darieswere not developedby the eto
(IL),but were olearlyshonnin the Y

teobnlqueused on the as-forged disc

e
omhrographsof the two.heat-treated

and ageddiscs (2Land 28). me gra -sizerangewas from about1 to 4
A.S.T.H.grainsise. Considerableprecipitationwithinthe grainswas ob-
servedin the as-forgeddiso.

.
DISC 2R, whlchwaa waterquenohedfrom 2200°F and then aged 24 hours at

1350” F BhOWOd 10SS p-OlpltitlOn M- thO ~hs thEIi th8 M-fOr.gOd fliso.
Agingat 1500°F for 24 hours (diso2L) considerably Imreased the amount of
preolp$tatedphase.

The photomh?ographsof figures27, 29 and 31 showthe stmmtures of
the threedisosIL 2L, and 2R aftercreeplestlngat 1200° 1350° and
1500°F. Littleobge in struoturewas observedas a resultof 9k hoursof
testingat 1200°F, but about2000hours of testingat 1.350°or 1500°F
roduoeda heavy general precipitation and mst heavy after testing at.1’350°F.
?able=1 Indicatedthis preolpltationwas aommpanled by not very large
changesin room-temperaturestrength,but a oonsi.derabledecreasein duotllit
and Imact reaistauoeand by increasedhardness. The DhOttiCFO=aDhS Sugges{
that-tbstlng at 1500°~ “

3tatudphase,shoe for ea
also loweraftertestingat

have produoedsomeagglomerationof the preclpl-
Of * discs
1500”F than

the room-temperaturestrex@hs fire
at 1350°F.
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Mgures 28, 30, and 32 showthe frkoturesand structutitiof specitis of “-”
the threedimesafterstress-rupturetestsat 1200°,1350°,and 1500°F.
Fraoturaa in

%
stFesa-T retestsat 1200°F were largelytransorystallime,

althoughas i ioatedin f SUM 30 therewas some$nterg,ranularpartingob-
servedad$aoentto the fraoturein specimen2K5. FraoturesIn speoimene
testedat 1350°F also an oaredlargelytransorystalline.SpeoimenstestedEin stress-rutureat 1500 F showed oonsMerabloIntergrenularcraoking

!ad@oent to he fraoture. ..“”
.. ,.-”

DI~8810H OF RB60LTS
- , ..1 ,,, , 7. ..- . ..m.

.. ..

The tensile,ruptprqaqd time-deformationdata provideas near.~oomplete
designinformationfor theselow-oarbonE-155diaosas oanbe obtainedin the
laboratoryfrom teatsunderoonetamt-tensilestress.

The testdata oontained in this re rt applyonly to ~ parthular disos
rtestidand fabricatedand heat treated n the mannerindicafed. Considerable

experionooIndioatesthat the propertiesdependon the particularmanufaotur-
ing prooedureused in the productionof the diso~. It ishouldnot be assumed
that the propertieshereinreportedapplyto disosof p similarcomposition

!
reducedby anotherfabricator,or necessarilyto similard$ses producedby
he samefabricator. *

:, ...
As an axampleof the variationsthatare encounteredin data of the type

presented attentionis oalledto tablesVI, VIII and X, whiohfor purposes
of oompar-~sonalsoinoludedata on the as-forged &Jo of Low4arbon IIJ-155S
HR-66D,(referenoe2). When testedat 1200°F this reviouslytestedas-
forgeddiaowaa oonsiotentlysuperiorto the threedlsosfor*I* data are
presentedherein. This superiorityof the ●s-forged l!lR-66Ddiacis main-
tainedin testsat 1.350”F exoeptat low stressesproducingcreep ratesof the
orderof 0.00001peroentper ham. In testsat 1500°F at lowerstresses
which produoelowerratesof deformationand longerduration temta,the disos
of heat-treatedand agedLow-Oarbon E-155 alloyare superior.tothe as-forged
disoo.

BattelleHemorialInstitute
Columbus.Ohio

and “
Unfvereityof Miohigen

Departmentof lk@nee*g Researoh
Am Arbor,Eichigan

llovember18, 1946
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10. lTACATS Mo. 1230

TABLEI.- RSORT-NIIERIGE-TWPE2AT.URR‘mm= PROPERTIES
OF LOW-CARSONH-155ALUM D12CS,M’R-&E.a

(PuIledat 0.02in. per min k yieldstrengtij and
0.06in. per m to rupture.)

m’opa-
Test Tensile tional

Speclmene
~b

RR-66E-lL l?J1 Snrface C 75 115,00034,603
Surface R 121,00055,0m

162A Interior R % 118,000 4’?,700
lGm IMerlor R 75.. uS, 500 & Soo

,eng s
Reduotlon

I.2 peraent ~ngati;n of ●rea
Orree t DeI!cen Dercent).

65,S00 31.8
73,700 g 61.2
65,200 50.8
66,500 47 41.6

59,300
70,000
62,500
63,60o

.

KF-66E-2L &F 8orface R 75
Surface C 75 %$% %:%

2D3 Interior C 75 109,400 46,100
263 Interior R 75 U1,400 48,900

57,5CQ
62,0CX3
57,W
58,100

61,200 30 23.2
65,200 16 16.1
60,700 19 18.4
61,XIO 15 16.9

RR-66%2R 21U Sorface C 75 los,ooo 42,Soo
Rurfaqe C 106,000 39,800

202A Interior R ;; 104,300 39,3CKJ
m Interior R 107,700 38,800

57,100
54,m
50,000
50,600 u

8R-66E-IL ~A Rorfaoe R 1200 d ‘75,62536,100
Interior R 1200 79,650 34,750

48,000
40,500

50,000
42,500 I G I G I

38,500
36,500

40,400 32.6 I 31.2
38,250 — —— I

31,600
27,650

33,1m
29,100 , G I xi I

BR-66E4L 283 Interior R 1350
Interior R 1350

59,300
&,ooo

28,500
29,500

2R-66E-2L 223 Interior R 1350 60,70037,500
2E2A Interior R 3.350 59,300 26,000

37,250
39,300 I 34.6

;Z;zko I 37.9
29.8 26.8 I

42,500
35,300

$4:;0

I
32.0 I 31.8
31.7 32.1 I

2R-66E-2R 2J3 Interior R 1350
2P2A Interior R

56,500 22,750
1350 d 55,75oa$,soo

m-66E-lL IR2 Surface R 1500 45,10020,350
lR3A Interior R 1500 43,700 29,400

27,250
26,300

28,350
34,300

28,700 25.0 26.5
29,500 —

!
35;9@J
35,300 I 33.0 I 40.1

30.8 31.8 I
HR-66%2L 2m Smrface R 1500 42,00021,500

~ Surface R 1500 42,50023,500

IIR-66E-2R 2Pl Surface R 1500
2P3A Interior R

4.4,300 23,250
1500 @,250 U,ooo

32,000
32,400

33,750
32,4~

35,300 I 26.7
33,700 I 2’?.5

31.2 34.0 I . .—-
aRDRC mnd Ravy data.
All room-temperature tests were made on 1/4 inch-diameter speclmena, gage length- 1 inch.
Allhigh-temperature tasts were made on O.505-inch-ciameter specimens, gage length - 2 inches.

bEe*t ~atment~ :
SR-66E-lL As for ed.
SR-66R-2L 2200° ~ water quenched+ ~ houre at 1500. F. “
SR-661&2R 2200” F water quenched + 24 borersat 1350” F.

—

.
cSmrface C = Snrfaoe specimen at center of disc.

Rmrfme R = Smrfaoe specimen at rlm of dieo.
Interior C = Interior epecimen at center of disc.
Interior R = Interior speoimen ●t rim of df ac.

dspwwn broke in threads at stress ehown.

--
*



UOATIIIO. I.23C 22.

Loostioll“of tarot fist t =-
Md (9

ER-66E-lL ~
&rfaoo c
mrfaoo B m 29”

27

m titcrior R
ER-66E-lL 1% ywntore: : WUm

z

lc2 Ihtortor C
ER-662-lL g Interior c lzw

Interior C i!

m Yntorlorfi
2E-666-2L m Iu&titir ; 15cc g“

lcl

Zcl alrfaooc
IR+6E—2L m 2orfaoeC Room

206 aurfaoa c ;

2s3 pr~ : 5.
2B462-2L ml mom 7

Intarler C 8

~ mtorlor c
IR-66E-2L

a.
Iattior C lzcc z

2C7 -t9rtor C 28

m Int8rlor O
XZ-66B-2L 2E7

29
rntorior E
InteriorE

135c 32
32

2J% Int*rior S
2R-662-2L “g :ptor :

31
1500 33

38

2L6 Z’mfmo c 20
En-66E-2n ~“ mlrfmos R EwB. 38

~a E 43

ZH3 I.utorlorE
IB-66E-2R 2K6

17
Imtorior C -
Iutirlor C

26
29

2L3 IntariorC
‘~zn ~

‘6&
Intulor C 22CC,
Interior C 60

2L’7 Interior c
IB-66E-2R m

57
Intarlor X lsso
Int*rtor R i;

m Int8rlor E 53
IE-66E-2B ~ g~tol. : MM 56

61

WCM MM maw dAta.

%IUt TrUtmalts :
E2-66E-lL A# fOw.
2E-&E-2L 2200° F w8tor qaaiohti +
22-66E-2R 22006 F water quamlud +

~=::gg.
.

%lrti. C - tirfao9 rpaoiwn at osmtsr of U-o.
Sorfam R = &rrMm #pMllmB ●t rim of dl,o.
IMoriorc = 2ntorior ●pwllm!l at Omtor of Umo.
titmriorE = Intorlor•poo~ at - of dim.
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TABLE IV.- ROPTURESTREROTE6OF LOW-CAEBOEH-155ALLOYD1806,
BR-66E,AT 1.200°,1350°,MD 1500°F.

bER-66)HL

bER-66JHR

bHR-66HL

%-66HR

bRR-661!k3L

b~-6&~

%R-66HL

bER-66%2R

%-6&&lL

oRR-66P2L

0~_66~2R

%at

tiACA

?et

*

1200

Y.2oo

1200

1200

1350

1350

1.350

1500

1500

1500

55,0m

—-—

95,000

&l,ooo

——

~39,000 -

138,000

~34,500

——

——

23,700

ER-66E-2L 22m0
NR-66E-2R 2200°
ER-66E-3L 2250°

1500”

data. ,

and lTavydata.

46,000

47,QO0

44,000

& 500

46,000

28,000

28,000

28,000

16,500

18,0W

18,500

hr

38,500

,33,500

35,000

36,000

d34,000

20,00e

‘bl,ooo

23,000

U, 800

12,200

13,000

‘36,500

‘530,000

d33,000

34,500

48,000

~19,000

, 22,QO0

lo,@o

10,700

U, 500

!M*atments:
ER-661KlL M forged.
HR-66&lR As forged+ ~ hoursat 1500°F.

F waterquenohed+ U hoursat MOOO F.
F water quenohed+ ~ hoursat.1350°F. -“
F water quenched+ 3 peroenthot-coldwork:a~
to 1200°F + ~ ,hours●t 1500°F.

:..1 ~,

‘Estimated.

—. . ---i%
, w..

.:!,;
d

.

-.. .

.. .
+

,. !

&-t. ,.
c

.*. r. . . . .-. .. . . . .



..

?“ ~
TABM V.- 2Tmm-m mm l’oTAL—lmciMmm-Mm A!C;1200” r

IUE IOlf-cAEWD E-155 AL102 D12C2, ~w.~

%cA aata.

;.,

.{;

1’.:,

1

.

I

“1 I . al, ./11: ‘! ,, ,:,,,,, ,’ “. ; i.... . .... . .s.. . . . .. ... .. .

,.

‘1

j

1.

1,

~.
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Strass to om6a total dafbrntion ill
TOtd (BaMd alo

defomtiml
md Varoant) lhr. 10 h? Mob lwobr axnlhr O,omlo% parh?

0.1 21.,50020,000 17,500 L4,500 13,500 28*ooo 15,QO0
B1l-66B-lL .1 -—--- ——- -— —- . 23,300 ——
nR-L61s-2L .1 -—--- -— 19,s00 — —
Il+661s-2R

20,250
.1 -— —- -— — — 23,200 ——

UR-66D .2 S4,000 31,500 28,0m *,000 23,000
BR-66B-I.L .2 ---—- Xl@Oo 25,0W — ——
*66E-2L .2 -—- —
mM&-2R .2 -—— _ o~;~ og;~ yyy

IFI-66D
IR-66E-lL :; tiz ?W %% ZZ 3%
lm-66B-2L .5 -—— —- 30,000 23,500 —
EZ-66B-2R .5 -—- —— —— —- —

1.0 51,000 45,500 40,0M 35,000 33,500
rR46MJJ 1.0 -—-- @,soo
IR-66E-2L 1.0 @,ooll ~~ ~,w —

— .

Ilk&Ns-zn 1.0 == —~- 031,000 29,000 —

Tranaltiml -—- — 39,500 %,000
112-66E-lLT?allaltloul.-”—— — &g 37,000 —
E&%B-2L l’?mlaitlon-—- — 32,m —
En-&E-m Trallaitlon—--- — — 35,000 —

-AM data.

bKant Tr911-ts:
.

IR-66D: Aaforgad +2holIrmmt MOw F.
IIE-66E-IJJIAa forgad.
112-66E-2L: 2200° F mitar quandwd + ~ hum at MOW ?.
2E-66E-2R: 220(P ? mater qmnchad + 24 Imom at 135W F.



. . . . .

rABU VII.- 2TEMS-FIHB FOB TOTAL ~~102 DATA ti 1350g F
mm Lm—cAmm I-155 ALMz DIS02, n-~... .

1“ . Tim for indiaatad totsl dsfo-tialBlitlal
lsfomwtiaa

0.053
.062
.072
.A5
.10
.A2

. .
65
37
u

—
-—

m
360
I&J

2
—

(b)
n46E-lL“-’.,Em(d I&

.

Gj--

5

—

.—
-—

::t

s
-—

-r—
-—

—
$5” -
3%
$ 235

68

.U5

.052
,.

:* :F5
:,1”.175

i/..:%?
.I.05
.135

“——

%5
:16

3t
,“9

Zi5

12-662-2R

•.~
0.072
●.085
f.lo-

.L3.

:3
.19
.21

%
90
13

.-

Gi-

!i
3
1

—

z
250
160
—
—

iF
9.0
8.8

—
—
—
—
.-

.—
-e
.—

- J1 1

I . . I abat !?raa~ts:1.,

H2-66E-lL: As forgsU.
H2-661WLa 2200” F Bats? qrlmchad +241mursat150WF.
12-66E-22x 2200” F water qna@tad + 24 Iwura.at 1350” r.

IIP

%DBC and Javy data.

%AcAdata.

dm~ ~ VIIS test not ussd in ,dosign~S. ‘.
.,.

Omtu dafomtim obtahad from load-off ~. I

fInitial dsforntian oalml&d from *UB & a~tioi~.

g~~tsd.
I

,:, .: ,,

,’, ,., .

Ii b,,:, , ,,,
!, ,.

“,:, ,
,!-... ..

I

. .:.
1 ,,,jli~

., 1
. . . .-”. . . . . . . . .- ...’., ‘. ..- ::. . ! ,.. . . . . . . . . .
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TABI.S YIII.- aT2m2-TIB2 Rx! mm DmomATIoI Cmmmmmmw m c-
Bmm3m M woo F FOR TLW4AEBCW s-155 mm msm, r24F.

Strass to mnae defomatim in
llMioatad t- parloda

fw%on
(2aa5doao

D@ Daroant) lhr M IIT 10 lux)llr 2wohr . lsmrllr

n45D .0.1 17,0U0 13,mD 11,ooo 8,000 ——
HR-661ML

16,000
.1 018,600 15,500 —-- — -—

IIE-66E4L
ls,doo Z;%!

—— q, 500 12,DnaC18,W 15,700 10*6OO
m66E-2R :: -— 15,000 1o,900 — -— 14,000 ll,loo

HR-66D .2
nE-661wJl

O;;;% fi:g ~vg Wm c=

IFI-66B41 :; 20,0W 17,200 13:700 -— —
-661k2R .2 — 20,@o 14,400 -— —

a?l+w .5 -— 26,X 22,000 17,200 %5,900
HE+6klL
m2+36E-2L

24,500 21,400 17,mo :13,Wo ——- “
:; 25,~ 20,200 M,

m66EU .5 –-– 24,0D0 19,$% 02!% o=

R2-66D --— 25,000 19,500 ——
E%66EAL ::: = 23,200 20,200 —— --
n2-66&2L 1.0 — 22,900 17,600 — —
H2-66E-2R 1.0 — 26,W0 21,600 —- —

mH6D Tramitlon ---— --—
nE-61wnl Transition ——- —

a= ls,ooo .

BIk66P&2L Tnmitloa -—- --— 23:000 17,00D =-=
HR46%22 Trallaltion ---— --— o~,~ -—- —

amoh, Imw alml Uav’y data.

%aat Traatmmte z
MD: Aafbrgad +2hourSat120W F.
IR-66B-lL: Aa forged.
IB-66E-2L:2200” F water qmmohad + 24 hours at 1500” ?.
ml%A6B-21h 2200° F water qmm?hed + 24 lwnra at 135W F.

-..

cEath4tad vahaa.

.-.
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TABM n.-
mR A I-)55 ALLOY D12C2, ~.
8TMM-T18E E TOTAL DIQURKATIOH DATA AT MU)- F 1-

m.

Tlm ?Or iIidiClt~ total daformtim
I

Initm
Ztram Ilafomtloll mii#

—-
Dafomatlm

-—

0.8

::%
1.72

::%

Dim?b

0.091

:%

HR-66bL

‘— I -— I “-5
I I I

5,000. .038
~,om .937

.059
W% —
~,om —
15,000 —-
u,ow
17,000, -x;

750

9 I M&

48

1?
3.1

— — .
— —zz-- — —

47& 785 U35
18A 315

g 65 I&&
#

8.7 —

Tfli
I.@
1.50
1.70
1.20
1.10

I -.

—1
—-

——

—1
I .’ I

nR-66E-2n

1

.025
;$%’
M,om :%
13,500 .078
l% 500 —
15,000 ‘ .082

lm
174

37.5

Gi5
. . . . .

G
——

s%-—
50

0.38
0.75

IF
190

74
580

1

*IIIXU2ad HaTY‘data.

bl.lest Treatwnts:

llR-66B-Ul:
mR-Ww4L: &W%ar qwmchad + 24 hOUIW at 15m- r.
.EE-66EX2R: 220CP F water quenched + ~ hours at 1.350° P.

c~ta ~ tms tast mt uaad h design CIJ?VW. ,

%atmatad. . . . .
,.
,!

.,
:,

,, 1

:, il:

. . . . .

,,, ,.. - ~,:, :.:. -.. .. .. . ..- -. .,-.. .. .. . . ... .... .. ..! . . . . . .

1“
.,,. .

?.. .. . . . . . . .... . . .,.. . .. .. .. ... . .
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mBI# x.- 8rREs-rmE mR mm mwomom CmRAmmIERIcB m -
.

mmmmm AT 15CKI”F K)R MT-cMBOE 1-M5 ~ D1=% -.

8tram to Oame tioaill
Total indlaated Mm pariodfl (B-d

~ Dd
lhr 10 br m~ 100our. J?QMhr O.OQQM% Bar br ~

XE-66D 0.1 16,000 11,m 7,700 e5,300 — %,000
IR4m4.L .1 —-— w%
BR46E-2L .1 -u: X& $,%J $%

8,200 ‘e ~m 2$%
atz

m&661k2R .1 7,700

2’R-66D :; 16,800 I.l,ooo
2Tt66EH.L S6GJ 12,500 8,800 e%% ‘—05,700
2x+66x-2Z .2 12,200 9,600 %,930 9,800
n46HzR .2 —-- 12,700 9,600 8,400 a8,0UI

EE-66D
%

-— 15,500 l.o,m ~g
n-6f&lL :! = 16,500 ll,OW
IE-66W2L .5 — U,600 ll,wo $%J k “
-2R .5 —— 15,400 12,800 , ,

1.0 —-— — 17,

E

12,000 —
XE-66E-U 1.0 —- — 13s 10P200 1o,ooo
llr+66&2L :.: 10,500 1o,ooo
IR-66E+ZE .

—— e~~~ i&3 10, &xl 9,700

mR46D Tranaiti&l -—— — 16,400
m+66x-lL l%analtlim .

U,200
—— 16,300 1o,200 e?:%!

Im4tJML Waueltlon — 1o,300 —-—
IR-66X-2R Trallaltti — 2;:E :;I% 9,d410 —-

%DRC and E&vy data.

bs=tm~~~ :
As forged + 2 hours mt MOOa F.

XE-6&L: Am forged.
MR-_2L: 2ZM0 F water quamdmd + 24 Iloura at 15009 m.
Ek66D-~ 2200° F water quanohd + 2.$ houm at 1350” 1.

‘Xetlnted-valuaa.
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ii

~.— —— — -—- - —
Zmo 25,Lm mm 326,1x21 62,500 69,* mm m.~
m m,lm 960 -— — — — —
km M,om - U,@ — 67,000 71,6M U,m
y3 U!,m ao25 — — - . —
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water-quenched, aged conditions by means of stress-rupture and creep tests for time 
periods up to 2000 hr at 1200°, 1350° and 1500°F.   Results are compiled in tabular 
and graph form.   Short-time tensile and impact tests and time-total deformation 
characteristics are also discussed.   In general disk properties were quite uniform con- 
sidering the forging size and alloy characteristics. 
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